The behavior of neptunium in the ionic liquid betaine 
increasingly for potential utilization in nuclear fuel processing technologies. ILs have been demonstrated to exhibit properties desired for separation technologies such as low volatility and flammability, greater radiation stability and wider electrochemical windows needed for electrorefining processes. 20 Examples that demonstrate the potential of ILs for f-element separation include the first successful electrodeposition of metallic uranium 1 or UO 2 2 from room-temperature ILs or the utilization of ILs to foster the solvent extraction of actinides and fission products which have recently been thoroughly reviewed. Significant solubility, which is prerequisite for utilizing ILs in separations technologies, has been reported in task-specific ILs. With the addition of limited amounts of HNO 3 Billard et al achieved dissolution of lanthanide and uranium oxides in [BMIm] [Tf 2 N], accompanied by the oxidation of U(IV) to 30 U(VI). 4 The hydrophilic, carboxyl-functionalized IL (trimethylammonio)acetate bistriflimide, [Hbet] [Tf 2 N] (see structure below), has garnered much recent interest due to its ability to coordinate with metal ions as well as its switchable phase behaviour. 5 Rao et al. reported a theoretical solubility limit 35 of 22 weight% U, but observed a 15% solubility limit when measuring UO 3 The majority of investigations on the behavior and separation of actinides using ILs have been performed with uranium in its +VI oxidation state, while few studies have involved the light 55 transuranium elements neptunium (Np), plutonium, or americium. 3 Neptunium is a key constituent in used nuclear fuel and is the most problematic actinide for the long-term storage and disposal of nuclear waste in geological settings. Neptunium may exist in the +III, IV, V and VI oxidation states, but only the +IV 60 and V oxidation states are relevant to most environments. 9 The soluble +V oxidation state is most common, and displays a lower affinity towards complexation or adsorption on minerals and ion exchange resins. N] the absorbance is shifted quickly to 971 nm due to the replacement of water molecules in the inner coordination sphere of the Np atom with betaine ligands (Fig. 1) . Over a period of 26 days the initial Np(IV) betaine complex with an absorbance at 971 nm shifts further to 974 nm, which appears 95 to be relatively stable towards oxidation to Np(V). Np(IV) is far more stable in [Hbet][Tf 2 N] than in most aqueous systems, which requires reducing agents to avoid oxidation to the more stable (Fig. 3 inset) . It should be considered that a faster evaporation of residual water in the IL at elevated temperature could contribute to the faster complexation kinetics. Although the 75 absorbance for the NpO 2 (H 2 O) 5 + at 980 nm decreases continuously with time, both intensity and absorbance maximum increasingly fluctuate due to small amounts of water refluxing inside the sealed cuvettes. Evaporation of water fosters complexation with betaine and thus reduction in the 980 nm absorbance; however, upon refluxing the water back into the IL the absorbance at 980 nm increases due to the fast coordination of water by Np(V).This was verified independently by adding water to the mixture to force the equilibrium back towards the hydrated Np(V) complex, as observed by an the immediate decrease of the This spectrophotometric study demonstrates for the first time the complex redox chemistry of an actinide element in an IL and illustrates the competitive nature of water and betaine coordination. Spectroscopic data indicates water and betaine influences in both the inner-and outer-coordination spheres, 45 adding to the complexity this system. The fact that all three valencies, Np(IV), (V), and (VI), exhibit unusual stability in [Hbet][Tf 2 N] offers great opportunities for utilization in purification and separation from other actinides and fission products. Elevated temperatures can be utilized to stabilize Np(V) 50 and hinder reduction to Np(IV), while the addition of reducing agents such as hydrazine accelerates the reduction of Np(V) to Np(IV) even when coordinated with betaine. The competitive complexation of water and betaine suggests additional exploration of water-miscible ILs with switchable phase behavior 55 for separation technologies. The enhanced stability of Np(VI) questions the potential stabilities of other high-valent actinides, e.g. Pu(VI) and Am(VI), which could serve as the basis for novel separation technologies utilizing higher oxidation states. A prominent example is the separation of americium from trivalent 60 lanthanides and curium, the most difficult predicament for used nuclear fuel processing. Instrumentation: Absorbance Spectra of Np solutions were measured using a Cary 5 UV-vis-NIR spectrophotometer from Varian. Raman spectra were collected on a Nicolet Magna-IR 50 560 ESD with a Raman accessory using a 1064 nm excitation laser. The purity of the betaine bistriflimide was examined by 1 H-NMR spectroscopy on a Bruker ARX-300 spectrometer equipped with 5-and 10-mm multinuclear probes. 
